e A T I T T N O T W O U R AN U U VWU L U, A S UV LW VW LSOUW U A AL AU AT RIS,

e FILE COVY o 2

r

- -
@y "

NAVAL SUBMARINE MEDICAL
RESEARCH LABORATORY

SUBMARINE BASE, GROTON, CONN.

AD-A188 420

]

; , i
| ;
i 5
l."

SPECIAL REPORT &§7-2

FIBROUS GLASS AEROSOLS:
A literature Review
by
. Bruce R. Laverty

- v = .

SRR

Released by: )
C. A. HARVEY, CAPT, MC, USN :—%
Commanding Officer E
Naval Submarine Medical Research Laboratory '."J
F‘-\

@

2 October 1987 {f,
- T

RF,I‘ x4 ) (¥4 ‘,':’

Approved for public release; distribution unlimited o

B e A M S Rt N T H T Y Tl O o A g e Wy L R T R R A R P S A A N et A RTINS JOR L
AEMT IS ‘.ﬂf.ﬁhb.ﬂ.;h&.‘u‘)_;\.% "k‘..‘.-?.'!l.'j..‘ah.'x:.'n‘.ﬂh.‘n‘-\ A .T.‘n‘:'n'.f.'n'.'f.\;h'.‘l'ﬂi O A e A At A e s dadaaaia



FIBROUS (LASS AEROSCLS:

A LITERATURE REVIEW

by

Bruce R, L[averty

Approved & Released:
e. a L a—

C. A. HARVEY, CAPT, MC, USN
Commanding Officer
NavSubMedRschLab

2 October 1987




L W WS (PO f mem mww wws f e R Weew e Tv o rro VR FR M TS meivw Y m s W T W Vo v

ABSTRACT

Civen the use of and exposure to fibrous glass lagging abvard
submarines, a review of current scientific articles on the potenticl ihealth
hazards of fibrous glass was conducted. The review includes studies using
animal, in vitro, and hunan data. No data were available on fibrous glass
aerosol measurements aboard submarines. The majority of the studies reviewed
did not deem human exposure to fibrous glass as a significant health hazard.
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INTRODUCTION

"> The submarine atmosphere is a topic of inierest, considering that once
submarged, the craft relies on its own electrostatic recipitators (ESP's),
sorubbers, and filters to create, ideally, an enviromment with minimal
aerosoclized toxic materials and other by=-products, Historically, atmosphere
sampling choard ruclear submarines has shown cigarette smoke, lubricating oils,
and cooxing oile and fats to be the major cuntaminants “t4%;69;78;79). Other
contaminants include: ozone, (major source: by-product of the ESP's);

‘ Freon,(major source: ship's refrigeration system and air couditioning plants);
hydrogen, (major source: ship's batteries); carbon dioxide, (major source:

. human respiratiorn); and carbon monoxide, (major source: cigarette smokirng)
(47). Contaminants tested for but not found were elemental mercury, and

asbestos M7

Considering that asbestos is no longer recommended for use, secondary to
its cesrcirogenic and co-carcinogenic qualities, fibrous glass .as become a
common substitute, One use of fibrous glass aboard the Ohio class submarine is
acoustic and thermal insulation around perforated ducting, which rumns through
many exposed, high traffic spaces, i.e, crew's berthing spaces. Although the
raw fibrous glass is protected from the enviromment it is possible, through
natural wear gnd tear of the housing material, that at some time the insulating
Material may become exposed anc mechanically aerosolized. Obvious questions
then are: a) do submarine aerosols contain fibrous glass, and t) are there
health hazards related to the inhalation of these fibers?~

- FIBROUS GLASS AEROSOLS ABOARD SUBMARINES
To date no studies have been done to identify and quantify fibrous glass

y . aerosols aboard su' :arines either through General Dynamics, Electric Boat

| Division, Groton, Connecticut or the Maval Submarine Medical Research
Laboratory, Groton, Connecticut. Relatively few studies have been generated on
the topic of fibrov- glass aerosols irn the medical literature., The remainder
of~this paper reviews our current knowledge as to the health hazard of
exposure. (., .. :espruce (fhoDlyy ) ab—

AEROSOLS. An aerosol is simply a solid or liquid particle suspended
in a gas. The term includes both the liquid or sclid, and the gas (40).
Aerosol concentrations are expressed as either; 1,) mass concentration, §h1ch
. is tge mass of the particulate in a unit volume of the aerosol, i.e. g/m”,
! mg/m”, ug/m , (this is the most common method), or 2.) number concentratior,
which is the number of particles per unit volume of aerosol, i.e. # of
fibers/cc, mppef (millicn particles per cubic foot).

T T A

FIBROUS GLASS. To satisfy the definition of fibrous glasc two
criteria must be met; 1.) a length-to~diameter ratio that equals or exceeds 3:1
and 2.) the composite ¢f elements and ions in the fiber do not have a well
ordered, regular structure with respect to each other. The fibers ar. glassy
in appearance, not crystallire, as in asbestiform minerals, (U40,42).
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Historically fibrous glass. was called mineral wool, which was a
generic term for either slag wool or rock wool. Slag wool was produced by
smelting and Tiberizing molten iron ore, and w\s probably commercially done
around 1885, in Mancheater, England. Rock wool was produced by smelting and
fiberizing rnaturally=- occourring rouks and was first produced commercially in
this country around 1500 in Alexandria, Indiana, (61). Using fibrous glass as
thermal insulation in a private home wea first accomplished by Owens=Corning
company in 1933 in Lima, Ohio, (7T1). Processing and procedural adjustments of
the molten glass has made fibers thinner and more consistent in diameter, which
make modern fibrous glass what it is today.

Fibrous glass is of two forms, continuous filament and glass wool.
Continuous filament, is used in textiles and fabrics, reinforcements in '
plastics, rubber, and paper, and has mean diameters between 6-10um. The second
type is glass wool, and its most common use is for thermal and acoustic
insulation. Dismeter is important, as its thermal insulation effectiveness
varies inversely with its diameter. Size varies from submicron to 10um in
dimeter, (42). :

!

i

i

|
I
r
F

I

HEALTH HAZARDS QF FIBROUS GLASS AEROSOLS

The National Institute for Occupational Safety and Health, (NIOSH), first
becano interested in asetting criteria for fidbrous glass in 1968, when it had to
address a list of 400-500 potentially harmful substances, of which fibrous
glass was no, 40. In 1974 NIOSH held a symposium to bring together leading
researchers in the field, in order to document what was presently known, and to
identify on=going, or future research on the '‘health hazards of fibrous glass,
Based on the data wallable in 1977, NIOSH listed fibrous glass aerosols as a
nulsance Juat, putting it in the sane cgt.e;ory with paper dust, cotton dust,
etc. setting exposure limits of 10 mg/m”, based on an 8 hr/day/40 week
exposure.

The same ‘opics that we: . of interest in 1974 continue to rresent, and the
data base has expanded. The carcinogenicity of asbestiform minerals is of
great concern, especially when considering the increased use of fibrous glass.
The long-tera effects have continued to be studied. Fibrous tissue formation
and carcinogenicity due to fibrous glass has heen demonstrated in animal models
after intrapleural and intraperitoneal implantation of fibrous glass, (Stanton
and Wrench 1972, Wagner et al 1973, and Stanton 1977). Fiber diameter and
length seem to determine its pathogenicity, with long thir fibers being the
worst offenders. This phenomenon has been well studied and is believed to be
related to the carcinogenecity of asbestos (36, 61, 90). Glass fibers
mechanically induce damage rather than chemically. With increased use of fiber
glaas, often replacing asbestos, more needs to be known about its health
effects., First and foremost, in order for fibrous glass to become a problem,

it must firat be inhaled, and to be inrhaled, it must first be aerodynamically
suitable.

- .

LUNG DEPOSITION. The aerodyramic properties of fibers are best
expressed as the aerodynamic diameter (D__ ). The D is defined as the
dismeter of a unit density (1 g/ce) aphois that has®the same settling velocity
a8 the particle being studied, megardless of shape. Suffice it to say, the
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physics behind this seemingly simple definition are beyord the scope of this
paper, however, let it be understocd that the aserodynamic diameter standardizes
not only for shape, but also for density. So, the aerodynamic properties of a
glass fiber with an aerodynamic dimmeter of lum, (actual diameter of about
«35um) will be the same as the aerodynamic properties of a droplet of water
(density 1 g/cc) with a diameter of lum. Asrodynamic properties are important
for inhalation, but once irhaled, mechanisms of deposition beccme equally as
paramount. .

There are five mechanisms of particle deposition, four of which are
important here. Firast is sedimentation, and it is proporiional to the settlirg
veloaity of the particle and time available for settling. Next is impaction,
which is determined by the inertial forces of the particle when a change in
direction of airflow occurs, and it is also proportional to the settling
velocity. Thirdly is Brownian displacement which is significant only for small
particles in smell airways. Finally interception, which occurs when the
effective radius of a particle is less than the distance by which the center of
the particle is separated from the airway surface. Deposition is then a
function of linear dimenaions (80). Respiratory architecture has a major
influerce on the mechanism of depositior, and location of deposition,

The respiratory architecture is made up of three regions. The head
region consisting of the nose, mouth, throat, and larynx. The tracheobronchial
region, includes the trachea, main stea bronchi, conducting, and terminal
bronchicles. The firnal region is the alveolar region, and encompasses the
respiratory bronchicles, alveoclar ducts, and alveoli. The first two regions
are lirned witn muwous and ciliated epithelium which carry deposited particles
to tha oropharynx, where the material is either swallowed, or coughed up and
spat out. The alveolar region is cleansed by the work of alveolar macrophages.
They engulf foreign particles, then transport them to the mucociliary
escalator, or traverse the alveolar epithelium and deposit themselves in the
parsbrorchial lymph nodes.

Conaidering the above background, fibers with slow falling velocities,
(those with small aserodynamic dismmeters), that are inhaled must be retained
within the lung to cause damage, if damage is going to occur. This means the
fiber wus* be small enough to make it past the nasal hair filter, without being
deposited in the tracheobronchial tree by impaction or interception, which
would lead to removal of the fiber via the muccciliary escalator. If it can
reach the alveolar region, it then has the chance to be deposited by
sedimentation or Bro'mian diffusion. Most studies agree that a reasonable
upper limit of fiber diameter, for a fiber to r2ach the alveolar region, is
around 3.5um (or about a 10um aerodynamic diameter) (80). The question now
arises, once deposited in the alveolar region does damage occur?

ANIMAL DATA ON DEPOSITION

Griffis et al, (30), used beagle dogs to determine the amount of inhaled
radioactive glass fibers (mean diameter .15um and mean length 5,4um) that are
deposited, after inhalation, in the alveolar region of the lung. The animals
wers monitored for four days post—inhalation. The dogs were then sacrificed
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and radioactivity was totaled trom the excreta, gastrointestinal tract, head,
trachea, and lungs. From this i% was determined that 1146% of the total mass
inhaled was deposited in the cdeep lung. Griffis' method was in good agreement
with other Sf.l.lli.l. (30).

The location of deposition i{s likely going 0 be associated with sites of
initial damage caused by inhaled fibers. Until recently, location of fiber
deposition within the alveolar region has been based on mathematical
formulation, (50). Brody and Roe, (12), demonstrated,using rats and hamsters,
that inhaled particles small enough to reach the alveolar zone are deposited
primerily at the alveclar bifurcation. The biclogical significance of this
being there exists evidence that the initial lesions of asbestosis are a result
of cellular responass at alveolar duct bifurcations. Whether thias holds true
for fibrous glass has yet to be reported, (12).

To document callular and tissue changes, several invesatigators have tried
intratracheal, intrapleural, and intraperitoneal injection of varying amounts
and dimeters of glaas fibers into animal models, with varying results.

Stanton and Wrench, (1972), Pott et al, (63), Stanton, (1977), and Pott et al,
(1983), have produced pleurzl and peritoneal mesothciiomas by direct injection
of larga doses, (up to 40mg), of glass fibers with mesn diameters less than
lum, Others, (17,24), have tried to reproduce these findings but have not been
succeasful. Failure has been conjectured as secondary to smaller doses and
inadequate time interval for experimental runs,

Inhalation studies, which more closely approximate the human aquisition of
fibrous glaas, have for the moat part failed to produce significant lung
pathology. Botham, (11), Gross, (31), and Schepers, (71) all used glass fibers
with mean diameters less than 1 um in inhalation studies with mice, rats,
hamsters, and monkeys. Results suggested a marked cellular response, i.e.
macrophages containing glaas fibers, and formation of giant cell:z, but no
parenchymal fibrosis or carcinomata.

Bernatein et al, (6) varied the length and dose of the fibers in an
inhglation study using rats. Three study groups were created in this assay;
group I rats were exposed to an inhalant conteining glass fibers with average
dimensions of 1.5 um x 60 um given in a uose of 20 mg, group II rats received
fibers with the average dimensions of 1.5 um x Sum given in a 2 mg dose, group
II1 rats received the smme fiders as group II rats except they were given in a
20 mg dose. These results also suggested a cellular response., Within groups
Il and III aggregations of glass fibher laden macrophages in the alveoli and
lyaph nodes were noticed. Except for a few small granulomata in group III,
groupd II and III only differed in magnitude of the response. The majority of
fiber burden in group I was found in relatively large foreign body granulomata.
No long fibers were noted ir 1,3ph nodes, suggesting lack of tranclocation.

To date animal studies have been carried out by either: 1,) artificially
introducing glass fibers, (intratracheal, intrapleural, or intraperitonsal
instillation), cr by 2.) inhalation of aerosolized fibers. The results, i.e.
amount of tissue damage, between these methods are a polar phenomena.
Explanations for this vary., In a study by Pickrell et al, (62) both
intratracheal instillation and inhalation of glass fibers was carried out
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resulting in the sxpected dichctomous data, i.e. intratrach>al instillation
: producing non-malignamt lung damage, while the inhalatior studies indicated

? ninimal Ahange. The authors suggested that even though the animals were

5 exposed to large mmounts, (5,000 fibera/cc) of aerosolized fibrous glasa, the
net amount inhaled was only sbout 3-5% of the lowest concentration of
intratracheal instilled fidbrous glasa. Thus the difference in results of this
study and others, may be related to actusl lung burdena. Griffis et al, (29),

’ suggests this aame dose-responss relationship to explain the difference in

- noted results between the two methodalogies.

IN VITRO DATA. In vitro studies, (1,14,36,74,90), focus mainly on
eytotoxicity of fibera to differing cell iines or cultures. In a study by
P ¢ Brown et al, (14), they concluded that fibrous glass was oytotoxic to Chinese
Hamster V79l cells and a human tumor line of type II alveoclar cells ASA9,
;; Results suggested a threshold dose effect. Fihers with diameters less than 1.6
; um and lengths greater than 10 un were cvtotoxic as measured by malignant or
premalignant chargea in cell lines. Shorter and fatter fibers ssemed to be
inactive, however, Aalto et al, (1), noted just the oppiaits effect from small
and fat fiberas. They suggeated that these fibers were capable of inducing
nacrophage {ibrogenic factor (MMF). MMF is a subatance produced by macrophages
to stimulate functional activity of fibroblast, thereby leading to fibroaias,
Other inducers include orystalline ailica and aabestos.

Human bronchial cell cultures were used to determine cytotoxicity of
four different fibers, one being fibrous glass (36). Results showed that
fibrous glass was only mildly cytotoxic. Fibroblast cells from the same human
donor were even more resistant to fibrous glass than the bronchial cells,
showing mo aignificant toxic effects. Though the authors offered no biologic
sigrificance to these fimiings, one can draw from the conclusions made
qoncerning asbestos in this same study. Asbeatos was found to be highly
cytotoxic to human bronchial cells, and capable of stimulating sbnormal cell
growth pattarna commonly observed in the pre-maligrant human bronchus. It was
demonstrated by electron microscopy that the asbestos fibers were phagocytized
by the bronchial cells. Thoae cells thu* were introduced to larger fibers
minifeated more of the pre-malignant charges. Two mechanimma of action dbehind
these changes are suggested: 1) mechanical induction of plasma membrane
defects or 2) intersction between fiber and plasma menbrane may lend to
increased permeability of carcino,ens, which would then induce changes.

“ Perhaps since fibrous glass fragments along the horiiunta)l axis (as opposed to :
the longitudinal axis like asbestos; resulting in rclatively shorter fibers, DAy
the plamma membrane-fiber interaction is decreased. Tnis could explain the ;‘:(;

3 lack of cytotoxicity of fibrous glass in this study. ﬁ

HUMAN DATA. Human data consists to a large degree, of epidemiological ;‘

and mortality studies. For the most part human exposure and animgl inhalation b
data are in good agreement. Early reports, (83,59,32) have included written, e
radioclogic, pulmonary funoction, and histologic surveys suggesting that .Y
exposures to fibrous glaas dusts are not associated with harmful health “3
effects, Some of these studies have been criticized for not quantitating the W
respirable fiber comcentration, or not allowing adequate time after exposure to ."-",'
pick up iatent pathology. More recent studies have been better designed to ?;1
consider these important aspects. ;-‘:
:?;,'.
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In a study by Esaan ¢t al, (20), the concentration of fibers exposed
to employees of 16 fidbrous glass or mineral wool pl,!ta was quantified.
Exposure was expresssd as mass concentration, (mg/m”), and fider
vonoentrationa, (fibers/ce). Fiber coumting for fiber comcentration used both
tiis optical and electron microscope. Data were dupla!od separatsly for both.
The nass conoentrations varied from less than .1 mg/m” to over 8mg/m” for the
16 planta. The mediasn value of average exposure concentration was sadout 1.0
ag/n’. The fiber aconcentration for all fidbers ranged from .003 to more than 6
fibers/cc. The median value of average exposure concentration under the
optical microacope was .028 fiberas/co, and for the electron microsuope,
(corresponding to sutmicron fibers), sbout .013 fiber/cc. It was determinud
that the submicron diameter fiber concentration was about 25% of total fiber
comentration.,

Using thias data, Esman displayed oumu)ative distributions of airborne
fiber dimeters and deteruined that aa fiber dimmeter inoreased in size, the
parcuntage of airborne fibers would decrease. Three um was assumed to be the
dismeter of a reapirable fiber, that is, upon irhalation Dy man a fiber 3 um or
less can penetrate beyond the ciliated epithelium. Given thia assumption, it
was shown that 1008 of the fiber burden with a ncainal diameter of .07 um or
less were respirsdle. Likewise, fibers 6 um and 10 um in nomiral diameter,
approximately 658 and 508 of the fiber burden, respectively, will be of a
respirable diameter.

Morgan and Kaplan, (57), conducted a retrospective study of 6,536
employses engaged in fibrous glass production for 10 or more years. Results
from this study suggested o statistically sigrificant increased mortality for
any cause of death, in particular no excesa of fatal malignant or non-mal ignant
respiratory disssses. UOf this growp, 1,272 individuals were employed 20 or
sore years ard had experienced 30 or more years of latency at the time of the
study. Separate analysis on thia subgroup indicated mo increased risk for lung
cancer or chronic respiratory disease related to increased years of emploment
or time in ]latency.

There have been a handful of studies, (68,70), that have reported a
significant excess of lung cancer jeaths among employees of fibrous glass
plants. However, Weill, (88), Enterline, (19), and others, (49,57) suggested
oonfounding elements such as mmoking history and previous occupational
exposures were not taken into account nor controlled for.

Weill et al, (88), controllad tor smoking history and age in a study
of 1,028 employees of 7 fibrous glaas or mineral wool plants, (median length of
employaent = 18 years). Results indicated no substantial lung disease in this
cohort. Worker exposure was determined, and the highest concentrations wire in
a plan., (plant 5), produning a majority of microfibers, For fibers in the 1-3
us dismeter range the median concentration waa .210 fibers/cc, (all other
plants < .032 fidbers/cc), For fibera less than | um in dimmeter, the median
concentration for plant 5 was .928 fivers/cc, (all other plants < 040
fibers/cc, except for plant 3 which ha) a median of < ,203 fibers/ce).

Mnterline et al, (19), in their mortality study wanted to compare
results with a study by Robinson et al, (68), which suggested an excess in
respiratory mal ignancies among fibrous glass workers exposed to fibers less
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than 3 um, [Enterline used a ccohort of 12,851 employees of 17 glasa fiber or
aineral wool plants, with at least | year'a exposwre to fibers lesa than 3 um
in dimmeter, between the years 1980 and 1963. Mean exposure to fibers leas
than 3 um was .039 fibera/co for a mean of 11,17 years for fibrous glaas
workers, and a mean exposure of .353 fibera/cc for a mean of 11,08 years for
aineral wool workers, Thy Robinson et al group used data ot 1,848 of these
sme employees, (plant 9), for their atudy. The data produced by Enterline et
sl ocould not support the Robinson findings. Enterline went on to report that
respiratory malignsmoies were not aignificantly in excesa among the cohort
under atwdy, but there was sn exceas of non-malignant reapiratory dissanse
destha. The authors included a caveat to the last finding admitting mot to
have controlled for smoking or previous work exposures, which in their opinion
weaken this finding significantly.

SUMMARY. The obvious obatacle when astudying health effects or
envirormental agents, such as fibrous glasa, is the lengthy pericd of latercy,
The data on asbestos has typified thia. In view of the asbestos story, it
seems the damage is caused via ita physical properties rather than its chemical
properties, long thin fibera being the most harmful. Unlike asbesatos,
fiberglaas does not fragment longitudinally into thinner and thinner fibers,
rather it fragaents horizontally into ahorter fibers. The shorter and thicker
fibers probably relate to the lack of pathogenicity of fibrous glaas,

To date animal inhalation and human studies are in agreement, with no
apparent long term, untoward health effects from fibrous glass aerosols., The
support for the potential of injury comes from animal studies using artificial
nethoda of inatillation (intratracheal, intrapleural, intraperitoneal) of large
doses of glass fibers, producing pleural and peritoneal mesotheliomas. Aa
Pickrell et al pointed out, animal inhalatior studies using exposure
concentrationa of 50,000 fibers/occ are only 3-5% of the lowest intratracheal
installation concentration. The human exposure concentrations collected from
the data reviewed, showed expoaures from .003 - 6 fibersa/cc ! Realizing the
orders of magnitude difference between animal exposures that produce cancers

and actual human exposures make it difficult to translate from one model to the
other.

The in vitro data to date adds little enlightenment either way given
the diffioculty of extrapolating data to the human condition. Its greatest
asset will probably lie in its ability to demonstrate mechanisas of irjury.

RECOMMENDAT ION

Published literature to date suggests that human exposure to fibrous
glaas aerosols is mot a significant health hazard, especially regarding any
increase in malignant and non-molignant respiratory disease. This appears even
more evident after controlling for age and smoking histcery., It is recommended
however, (46,49), “hat high standards for use be mcinta.ned, including minimal
airborne expoasure, respiratory protection as well as eye and skin protection,
& ‘*hat our current lack of scientific proof does not lead to a faise sense of
complacency, a8 we once were in regard to asbestos.
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